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(57) ABSTRACT 

On-chip millimeter wave (mmW) notch filters with via stubs, 
methods of manufacture and design structures are disclosed. 
The notch filter includes a signal line comprising a metal trace 
line connected to a metal via stub partially extending into a 
semiconductor substrate. The notch filter further includes a 
defected ground plane connected to at least one or more 
additional metal via stubs partially extending into the semi 
conductor Substrate. 
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1. 

NOTCH FILTER STRUCTURE WITH OPEN 
STUBS IN SEMCONDUCTOR SUBSTRATE 

AND DESIGNSTRUCTURE 

FIELD OF THE INVENTION 

The invention relates to semiconductor structures and, 
more particularly, to on-chip millimeter wave (mmW) notch 
filters with via stubs in a semiconductor substrate, methods of 
manufacture and design structures. 

BACKGROUND 

Millimeter wave integrated circuits have become popular 
for various applications, such as base station wireless back 
hauls at 40 GHz, 70 GHz and 80 GHz bands, wireless per 
sonal networks at 60 GHz band, vehicle collision avoidance 
radar system at 75 GHZ band, security imaging system at 94 
GHz band, etc. Notch filters are commonly used for millime 
ter wave integrated circuits in order to filter out unwanted 
frequency components, such as image or harmonic generated 
by nonlinearity of an active device. 

On-chip notch filters can be formed using back end of the 
line (BEOL) processes. In such processes, the notch filters 
can be provided as microstrip line or coplanar waveguide 
structures, which have an electrical length of quarter wave 
length at the notch frequency and open circuit at one end, as 
known as a quarter wavelength open stub. Such structures 
take significant chip area, even though some size reduction 
techniques can be used, like meandering the straight trans 
mission line structure into serpentine or spiral like structures, 
which normally use multiple bends. However, such structures 
may suffer performance degradation. 

Accordingly, there exists a need in the art to overcome the 
deficiencies and limitations described hereinabove. 

SUMMARY 

In an aspect of the invention, a notch filter comprises a 
transmission line comprising a metal trace line connected to a 
metal via stub partially extending into a semiconductor Sub 
strate. The notch filter further comprises a ground plane with 
ground opening, the ground plane being connected to at least 
one or more additional metal via stubs partially extending into 
the semiconductor Substrate. 

In an aspect of the invention, a method comprises forming 
a plurality of via stubs partially within a semiconductor sub 
strate and which are free at one end. The method further 
comprises forming a ground plane in the back end of line 
process, the ground plane being formed with an opening. The 
method further comprises forming a signal line in electrical 
contact with a via stub of the plurality of via stubs, through the 
opening of the ground plane. The transmission line is formed 
on a different level of the back end of line process than the 
ground plane. 

In another aspect of the invention, a design structure tan 
gibly embodied in a machine readable storage medium for 
designing, manufacturing, or testing an integrated circuit is 
provided. The design structure comprises the structures of the 
present invention. In further embodiments, a hardware 
description language (HDL) design structure encoded on a 
machine-readable data storage medium comprises elements 
that when processed in a computer-aided design system gen 
erates a machine-executable representation of the on-chip 
millimeter wave (mmW) notch filters with through semicon 
ductor via open stubs, which comprises the structures of the 
present invention. In still further embodiments, a method in a 
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2 
computer-aided design system is provided for generating a 
functional design model of the on-chip millimeter wave 
(mmW) notch filters with through semiconductor via open 
stubs. The method comprises generating a functional repre 
sentation of the structural elements of the on-chip millimeter 
wave (mmW) notch filters with through semiconductor via 
open stubs. 

In aspects of the invention, a method is provided in a 
computer-aided design system for generating a functional 
design model of a notch filter. The method comprises: gener 
ating a functional representation of a transmission line com 
prising a trace line connected to a via stub partially extending 
into a semiconductor Substrate and which is open ended; and 
generating a functional representation of a ground plane con 
nected to at least one or more additional via stubs partially 
extending into the semiconductor Substrate and which are 
open ended, wherein the ground plane is provided on a dif 
ferent level of the back end of line process than the trace line. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The present invention is described in the detailed descrip 
tion which follows, in reference to the noted plurality of 
drawings by way of non-limiting examples of exemplary 
embodiments of the present invention. 

FIG. 1 shows an on-chip millimeter wave (mmW) notch 
filter with through silicon via stubs in accordance with 
aspects of the present invention; 

FIG. 2 shows simulated performance graphs of conven 
tional on-chip microstrip line notch filters and the notch filter 
of the present invention; 
FIG.3 shows a comparison of chip area used by the notch 

filter of the present invention and the conventional on-chip 
microstrip line notch filter; 

FIGS. 4,5a, 5b, 6a, and 6b represent structures and respec 
tive processing steps for building the on-chip millimeter wave 
(mmW) notch filter with through silicon via stubs of the 
present invention; and 

FIG. 7 is a flow diagram of a design process used in semi 
conductor design, manufacture, and/or test. 

DETAILED DESCRIPTION 

The invention relates to semiconductor structures and, 
more particularly, to on-chip millimeter wave (mmW) notch 
filters with via stubs in a semiconductor substrate, methods of 
manufacture and design structures. In embodiments, the 
notch filters of the present invention utilize open ended vias 
(vias which are not grounded to any ground plane structure) to 
form portions of a transmission or signal line of the on-chip 
millimeter wave (mmW) notch filter. More specifically, the 
open ended vias can be vertical stubs, which provide an open 
quarter wavelength transmission line with the transmission 
line in the back end of line process. Advantageously, the notch 
filters of the present invention will have similar performance 
as conventionally formed microstrip line or co-planar 
waveguide notch filters using full BEOL processes, but will 
use a significantly smaller amount of chip area due to the 
vertical orientation of its via stubs. For example, in embodi 
ments, the notch filters of the present invention can use 40% 
less chip area than the traditional BEOL designs. 

In more specific embodiments, the via stubs of the on-chip 
millimeter wave (mmW) notch filters are formed prior to back 
end of the line structures, e.g., ground plane and other struc 
tures of the traditional microstrip line or coplanar waveguide 
notch filters. For example, the via stubs of the present inven 
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tion extend Vertically into a semiconductor Substrate, and are 
not coupled to any ground plane or other grounded bottom. 
Accordingly, the via stubs of the present invention will advan 
tageously provide equivalent electrical performance in less 
Surface area, compared to conventional BEOL microStrip 
lines or coplanar waveguides formed upon a surface of a 
semiconductor substrate. That is, the via stubs of the present 
invention will provide signaling paths to a top of the semi 
conductor Substrate and then connect to the transmission line 
formed on a top of the semiconductor substrate, where the 
overall signaling path electrical length equals the quarter 
wavelength of the notch frequency, while using less chip area 
as conventional structures. 

FIG. 1 shows an on-chip millimeter wave (mmW) notch 
filter with silicon via stubs in accordance with aspects of the 
present invention. In this representation, an on-chip notch 
filter 10 comprises one or more via stubs 15 formed through 
one or more layers of a substrate 20. As should be understood 
by those of ordinary skill in the art, the present invention 
contemplates any number of via stubs 15 to provide specific 
design performances of the on-chip millimeter wave (mmW) 
notch filter. In embodiments, the substrate 20 comprises a 
silicon-based substrate layer (or other semiconductor layer) 
and one or more dielectric layers. In embodiments, the dielec 
tric layers can be, for example, any silicon compatible dielec 
tric materials such as an oxide based material, e.g., SiO. 

In embodiments, the via stubs 15 are formed only partially 
through the silicon-based Substrate and one or more dielectric 
layers of the substrate 20. In this way, the via stubs 15 are 
embedded within the substrate 20 and are not grounded to a 
bottom ground plane of the structure, i.e., the via stubs may be 
exposed to the bottom of the silicon-based substrate, but are 
not connected to the ground plane at the bottom of the silicon 
based Substrate, as in conventional through silicon-based via 
technologies. The via stubs 15 can beformed from any appro 
priate metal using conventional chemical vapor deposition 
(CVD) processes. For example, the via stubs 15 can be alu 
minum, copper, tungsten or any Si compatible metals. 

In embodiments, the dimensions of the via stubs 15 can 
vary depending on the desired performance criteria of the 
notch filter 10. For example, as an illustrative example, the via 
stubs 15 can have a height x of about 10 microns to about 
140 microns; although other dimensions are also contem 
plated by the present invention. The widthy of the via stubs 
15 can range from about 10 microns to about 70 microns and 
the thickness Z of the via stubs 15 can range from about 3 
microns to about 10 microns; although other dimensions are 
also contemplated by the present invention. 

Still referring to FIG. 1, a ground plane 25 with a cutoff in 
the middle (e.g., defected ground plane) is connected to one 
or more of the via stubs 15a. The ground plane 25 joins a 
ground line 30 of a microstrip line. The groundline 30 and the 
signal line 40 form a microStrip line with certain characteris 
tic impedance, e.g., 50 Ohm, for providing a signal path 
between devices or circuit blocks. Although only two via 
stubs 15a are shown connected to the ground plane 25, one of 
ordinary skill in the art would readily understand that one or 
more via stubs 15a can be connected to the ground plane 25, 
depending on the desired performance specifications of the 
notch filter 10. For example, one or more via stubs 15a can be 
electrically connected directly to the ground plane 25 in order 
to adjust the notch frequency or impedance of the notch filter 
25. 

In embodiments, the ground plane 25 of the notch filter of 
the present inventionjoins the groundline 30 of the microstrip 
line on a same level of the structure. In embodiments, the 
ground plane 25 and ground line 30 can be formed from a 
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4 
metal or metal alloy, e.g., aluminum, copper, tungsten or any 
Si compatible metal, using conventional CVD processes. 
Also, as the ground plane 25 and ground line 30 are formed at 
a same level of the structure. These structures can also be 
formed using the same lithography, etching and deposition 
(e.g., CVD) processes as described herein. 

Still referring to FIG. 1, the ground plane 25 can have a 
dimension of about 50 microns across, e.g., see reference 
character 'w': although other dimensions are also contem 
plated by the present invention. Also, as shown in FIG. 1, the 
ground plane 25 has a ground opening (open central portion) 
25a, the size of which is used to tune the notch filter perfor 
mance, such as matching and notch depth. The ground open 
ing 25a results in a “defected ground plane 25. The ground 
opening 25a will further facilitate the electrical connection of 
a signal line 35 to a silicon via stub 15b, or through an 
extension 15b' (in the BEOL layers) of the via stud 15b, 
collectively being the transmission line of the notch filter. In 
embodiments, the size of the ground opening 25a and the 
configuration, e.g., dimensions, of the defected ground plane 
25 can be adjusted for tuning the filter performance to pro 
vide, e.g., improved return loss (e.g., S11 and S22, or match 
ing) and insertion loss (e.g., S21 or notch depth). 

In embodiments, the defected ground plane 25 and more 
particularly the one or more via stubs 15a, surround via stub 
15b which is electrically connected to the signal line 35. In 
embodiments, the signal line (metal trace line) 35 can be 
electrically connected directly to the silicon via 15b or 
through a via stud extension 15b in the BEOL layers, e.g., 
dielectric layers, which depends at which metal layer the 
signal line 35 is formed. For example, the via stud extension 
15b' can be used when the signal line 35 is formed at upper 
levels of the BEOL layers of the substrate 20, e.g., above the 
defected ground plane 25 and ground layer 30. In any sce 
nario, a length sum of the signal line 35 and via stub 15b (or 
combination of via stub extension 15b' and via stub 15b) can 
be used to determine the notch frequency of the filter or can be 
determined by the notch frequency. For example, the notch 
frequency of the notch filter can be tuned by adjusting a length 
of the signal line 35 and/or the via stub 15b and 15b'. 
The signal line 35 is electrically isolated from the defected 

ground plane 25, and can be formed from a metal or metal 
alloy, e.g., aluminum, copper or tungsten or any compatible 
Si material, using conventional CVD processes. The signal 
line 35 can be electrically connected to a signal line 40 of a 
microStrip line for connecting to devices or circuit blocks, for 
example. The signal line 40 and groundline 30 form a micros 
trip line with certain characteristic impedance, e.g., 50 Ohm, 
to provide a signal path between devices or circuit blocks. In 
this way, the signal line 35 will act as a metal trace with one 
end as a feeding point from the signal line 40 of the connect 
ing microstripline and the other end connecting to the via stub 
15b (or via stud extension 15b'), e.g., open ended via. In 
embodiments, the signal line 35 and the signal line 40 can be 
formed at the same level of the structure, using conventional 
lithography, etching and deposition (e.g., CVD) processes. 

Although the present invention is described with regard to 
the signal line 35 of the notch filter and the signal line 40 of the 
connecting microstrip line being provided at an upper layer of 
the structure, the present invention also contemplates the 
signal lines 35 and 40 being formed below the defected 
ground plane 25 and ground line 30. In either scenarios, the 
defected ground plane 25 and the ground line 30 are electri 
cally isolated from the signal lines 35 and 40 by one or more 
BEOL dielectric layers of the substrate 20. Additionally, the 
present invention contemplates thinning of the silicon-based 
substrate portion of the substrate 20, but such thinning would 



US 9,263,782 B2 
5 

preferably not expose the silicon via stubs 15. If silicon via 
stubs 15 are exposed, it should remain an open circuit, e.g., 
not connected to a bottom ground plane or any other device as 
in conventional through silicon via technologies. 

Also, it should be understood by those of skill in the art that 
the notch filter 10 of the present invention provides greater 
design flexibility. For example, any of the following struc 
tures of the present invention can be adjusted in order to tune 
the performance of the notch filter, e.g., reflection, filtering, 
notch frequency of the filter, etc.: 

(i) number of vias 15: 
(ii) spacing of Vias 15: 
(iii) dimensions of vias 15, e.g., length, width and/or thick 

neSS: 
(iv) dimensions of ground opening 25a; and/or 
(v) dimensions of the signal lines 35 or 40. 
Also, although the present invention is described with 

regard to microStrip type structures, which are normally asso 
ciated with a signal line and a ground line/plane at different 
metal levels, it should be understood by those of skill in the art 
that the present invention can also be arranged as coplanar 
waveguide type structures, which are normally associated 
with a signal line and two side ground lines at the same metal 
level, or other types of transmission line structures. These 
other types of transmission line structures can be, for 
example, microstrip line with side shields or grounded copla 
nar waveguides, strip lines, or hybrid types. 

FIG. 2 shows simulated performance graphs of conven 
tional on-chip microstrip line notch filters and the notch filter 
of the present invention. More specifically, the top graph of 
FIG. 2 simulates the performance of the notch filter of the 
present invention; whereas, the bottom graph of FIG. 2 simu 
lates the performance of a conventional notch filter, e.g., 
on-chip microstrip line notch filter. In the graphs of FIG. 2, 
the 'x' axis represents frequency and the “y” axis represents 
reflection/insertion loss in dB. 

In embodiments, the simulations of FIG. 2 show that the 
notch filter design of the present invention has similar filter 
ing performance as in the conventional systems. Importantly, 
though, as shown by the comparison of these graphs, the 
notch filter design of the present invention shows a larger 
notch depth (~-5 dB more). Also, although not shown in the 
graphs, these improved features are provided by the notch 
filter design of the present invention using approximately 
40% less chip area than the conventional on-chip microStrip 
line designs. This improvement in chip area is a result of the 
Vertical structures, e.g., via stubs 15a, formed partially 
through the silicon-based substrate portion of the substrate 
20. 

FIG.3 shows a comparison of chip area used by the notch 
filter of the present invention and the conventional on-chip 
microstrip line notch filter. As seen in FIG. 3, the area of the 
notch filter of the present invention is significantly reduced 
compared to the conventional on-chip microStrip line notch 
filter with comparable notch frequencies. For example, as 
shown for a notch frequency of 191 GHz for a conventional 
on-chip microStrip line notch filter and a notch frequency of 
187GHZ for the notch filter of the present invention, the chip 
area used by the notch filter of the present invention is about 
41% less than the chip area used for a comparable conven 
tional on-chip microstrip line notch filter. 

FIGS. 4-6b represent structures and respective processing 
steps for building the structures in accordance with aspects of 
the present invention. Specifically, FIG. 4 shows a structure 
along line A-A of FIG. 1, which via stubs 15 are formed 
partially through the silicon-based substrate portion of the 
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6 
substrate 20. In embodiments, the via stubs 15 are formed by 
conventional lithography, etching and deposition steps. 

For example, in FIG. 4, a resist can be provided on the 
Substrate 20, which is exposed to energy, e.g., light, to form 
patterns (openings). The Substrate 20 can then be patterned 
using conventional reactive ion etching (RIE) processes, to 
form openings that correspond in depth, width and length to 
the via stubs 15 as described above. A metal material can then 
be deposited within the openings using conventional deposi 
tion methods, e.g., CVD. The metal can be, for example, 
tungsten, copper, aluminum or other Si compatible metals. 
As shown in FIG. 4, the via stubs 15 can be provided in 

different orientations, depending on the design of the notch 
filter of the present invention. In embodiments, any excess 
metal deposited on a surface of the substrate 20 can be 
removed using conventional chemical mechanical polishing 
(CMP). As should be understood by those of skill in the art 
and as discussed herein and further represented by the dashed 
line in FIG.4, the via stubs 15 can be provided in back end of 
the line layers, e.g., one or more dielectric layers above the 
silicon-based Substrate. 
FIG.5a represents additional process steps and a structure 

along line A-A of FIG. 1. More specifically, in FIG. 5a, the 
defected ground plane 25 is formed in an upper layer 20a of 
the substrate 20, and in direct electrical contact with the via 
stubs 15a. In embodiments, the defected ground plane 25 can 
be formed by either an additive process or a subtractive pro 
cess, in accordance with conventional fabrication processes. 
In either additive or subtractive processes, the additional layer 
of substrate 20a is formed over the substrate 20 and via stubs 
15a, 15b. In embodiments, the substrate 20a can be any 
appropriate dielectric layer. 
By way of example, after adding the additional layer of 

dielectric 20a by conventional deposition processes, e.g., 
CVD, the additive process comprises forming a resist on the 
additional layer of the dielectric 20a and exposing such resist 
to energy, e.g., light, to form patterns (openings). The addi 
tional layer of substrate (dielectric) 20a can then be patterned 
using conventional reactive ion etching (RIE) processes, to 
form a pattern that exposes the underlying via stubs 15, and 
which corresponds in depth, width and length to the defected 
ground 25, as described above. A metal material can then be 
deposited within the pattern using conventional deposition 
methods, e.g., CVD. The metal can be, for example, tungsten, 
copper, aluminum or other Si compatible metals. In embodi 
ments, any excess metal deposited on a Surface of the addi 
tional layer of dielectric 20a can be removed using conven 
tional chemical mechanical polishing (CMP). 

In comparison, in a subtractive process, the metal material 
can be deposited on a dielectric layer, Such as layer 20a, above 
the silicon-based substrate of the substrate 20, and patterned 
using conventional deposition, lithography and etching steps. 
After the metal is patterned to form the defected ground plane 
25, an additional dielectric layer, similar to layer 20a, can be 
formed on the existing substrate 20 (and over the defected 
ground plane 25). The additional dielectric material can then 
undergo a planarization process in order to expose a top 
portion of the defected ground plane 25. In embodiments, the 
additional dielectric material and a top surface of the defected 
ground plane 25 can be planar. 

FIG. 5b represents the same process steps described with 
regard to FIG. 5a, but showing a structure along line B-B or 
line B'-B' of FIG. 1. The structures of FIGS. 5a and 5b are 
formed at a same level of the structure. More specifically, in 
FIG. 5b, another portion of the defected ground plane 25 is 
shown. This other portion can represent either a portion of the 
defected ground plane 25 remote from the ground line 30 
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(corresponding to line B-B) or in direct contact with the 
ground line 30 (corresponding to line B'-B"). It should be 
understood by those of skill in the art that the portions of the 
defected ground plane 25 shown in FIGS. 5a and 5b will form 
the ground opening 25a of FIG.1. Also, although the present 
invention contemplates a square opening, other shaped open 
ings are also contemplated by the present invention, e.g., 
circular, oval, rectangular, etc., depending on the pattern 
formed through the etching process and desired performance 
criteria. 

FIG. 5b can equally represent the ground line 30 taken 
along line C-C of FIG. 1. More specifically, FIG. 5b can 
represent the formation of the ground line 30, which can be 
formed in the same processing steps as the defected ground 
plane 25. The via pad 25a shown in FIG. 5a is formed in the 
process for the defected ground plane 25 shown in FIG. 5b. 

FIG. 6a represents a structure and respective processing 
steps along line A-A of FIG. 1, above a level of the defected 
ground plane 25. More specifically, as shown in FIG. 6a, the 
extension 15b' and signal line 35 are formed in electrical 
contact with the via pad of the via stub 15b. In this represen 
tation, an additional layer of dielectric 20b can be formed on 
the dielectric layer 20a, above a level of the defected ground 
plane 25. The additional layer of dielectric 20b can then 
undergo a dual damascene etching process to form a via and 
trench structure. The via can be filled with metal using a 
conventional deposition process, e.g., CVD, to form the via 
stub extension 15b', in direct electrical contact with the via 
pad 25a of the via stub 15b. Additional metal can be deposited 
in the trench to form the signal line 35, in direct electrical 
contact with the via stub extension 15b'. The metal for both 
the via stub extension 15b' and signal line 35 can be, for 
example, tungsten, copper, aluminum or other Si compatible 
metals. In embodiments, any excess metal deposited on a 
surface of the dielectric 20b can be removed using conven 
tional chemical mechanical polishing (CMP). 

In an alternative approach, the additional layer of substrate 
20b can be two layers of substrate (dielectric layers), depos 
ited in different processing steps. In this approach, after depo 
sition of a first layer, the via stub extension 15b' can beformed 
by conventional lithography, etching and deposition steps. A 
second layer of substrate can then beformed over the via stub 
extension 15b', which is also subject to conventional lithog 
raphy, etching and deposition steps to form the signal line 35. 
The signal line 35 can also be formed using a subtractive 
process, as already described herein. 

FIG. 6b represents a structure and respective processing 
steps along line D-D of FIG. 1, above a layer of the ground 
line 30. More specifically, as shown in FIG. 6b, the signal 
lines 35 and 40 are shown to be formed over the ground line 
30, using the processing steps of FIG. 6a. That is, the signal 
line 40 can be formed in the same level of the structure and 
using the same processing steps as described with regard to 
FIG. 6a. 

FIG. 7 is a flow diagram of a design process used in semi 
conductor design, manufacture, and/or test. FIG. 7 shows a 
block diagram of an exemplary design flow 900 used for 
example, in semiconductor IC logic design, simulation, test, 
layout, and manufacture. Design flow 900 includes processes, 
machines and/or mechanisms for processing design struc 
tures or devices to generate logically or otherwise function 
ally equivalent representations of the design structures and/or 
devices described above and shown in FIGS. 1, 4,5a, 5b, 6a 
and 6b. The design structures processed and/or generated by 
design flow 900 may be encoded on machine-readable trans 
mission or storage media to include data and/or instructions 
that when executed or otherwise processed on a data process 
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8 
ing system generate a logically, structurally, mechanically, or 
otherwise functionally equivalent representation of hardware 
components, circuits, devices, or systems. Machines include, 
but are not limited to, any machine used in an IC design 
process, such as designing, manufacturing, or simulating a 
circuit, component, device, or system. For example, 
machines may include: lithography machines, machines and/ 
or equipment for generating masks (e.g. e-beam writers), 
computers or equipment for simulating design structures, any 
apparatus used in the manufacturing or test process, or any 
machines for programming functionally equivalent represen 
tations of the design structures into any medium (e.g. a 
machine for programming a programmable gate array). 

Design flow 900 may vary depending on the type of rep 
resentation being designed. For example, a design flow 900 
for building an application specific IC (ASIC) may differ 
from a design flow 900 for designing a standard component or 
from a design flow 900 for instantiating the design into a 
programmable array, for example a programmable gate array 
(PGA) or a field programmable gate array (FPGA) offered by 
Altera R, Inc. or XilinxOR Inc. 

FIG. 7 illustrates multiple such design structures including 
an input design structure 920 that is preferably processed by 
a design process 910. Design structure 920 may be a logical 
simulation design structure generated and processed by 
design process 910 to produce a logically equivalent func 
tional representation of a hardware device. Design structure 
920 may also or alternatively comprise data and/or program 
instructions that when processed by design process 910, gen 
erate a functional representation of the physical structure of a 
hardware device. Whether representing functional and/or 
structural design features, design structure 920 may be gen 
erated using electronic computer-aided design (ECAD) Such 
as implemented by a core developer/designer. When encoded 
on a machine-readable data transmission, gate array, or Stor 
age medium, design structure 920 may be accessed and pro 
cessed by one or more hardware and/or software modules 
within design process 910 to simulate or otherwise function 
ally represent an electronic component, circuit, electronic or 
logic module, apparatus, device, or system such as those 
shown in FIGS. 1, 4, 5a, 5b, 6a and 6b. As such, design 
structure 920 may comprise files or other data structures 
including human and/or machine-readable source code, com 
piled structures, and computer-executable code structures 
that when processed by a design or simulation data process 
ing system, functionally simulate or otherwise represent cir 
cuits or other levels of hardware logic design. Such data 
structures may include hardware-description language 
(HDL) design entities or other data structures conforming to 
and/or compatible with lower-level HDL design languages 
such as Verilog and VHDL, and/or higher level design lan 
guages such as C or C++. 

Design process 910 preferably employs and incorporates 
hardware and/or software modules for synthesizing, translat 
ing, or otherwise processing a design/simulation functional 
equivalent of the components, circuits, devices, or logic struc 
tures shown in FIGS. 1, 4, 5a, 5b, 6a and 6b to generate a 
netlist 980 which may contain design structures such as 
design structure 920. Netlist980 may comprise, for example, 
compiled or otherwise processed data structures representing 
a list of wires, discrete components, logic gates, control cir 
cuits, I/O devices, models, etc. that describes the connections 
to other elements and circuits in an integrated circuit design. 
Netlist 98.0 may be synthesized using an iterative process in 
which netlist980 is resynthesized one or more times depend 
ing on design specifications and parameters for the device. As 
with other design structure types described herein, netlist980 
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may be recorded on a machine-readable data storage medium 
or programmed into a programmable gate array. The medium 
may be a non-volatile storage medium such as a magnetic or 
optical disk drive, a programmable gate array, a compact 
flash, or other flash memory. Additionally, or in the alterna 
tive, the medium may be a system or cache memory, buffer 
space, or electrically or optically conductive devices and 
materials on which data packets may be transmitted and inter 
mediately stored via the Internet, or other networking suitable 
CaS. 

Design process 910 may include hardware and software 
modules for processing a variety of input data structure types 
including netlist 980. Such data structure types may reside, 
for example, within library elements 930 and include a set of 
commonly used elements, circuits, and devices, including 
models, layouts, and symbolic representations, for a given 
manufacturing technology (e.g., different technology nodes, 
32 nm, 45 nm, 90 nm, etc.). The data structure types may 
further include design specifications 940, characterization 
data 950, verification data 960, design rules 970, and test data 
files 985 which may include input test patterns, output test 
results, and other testing information. Design process 910 
may further include, for example, standard mechanical 
design processes such as stress analysis, thermal analysis, 
mechanical event simulation, process simulation for opera 
tions such as casting, molding, and die press forming, etc. 
One of ordinary skill in the art of mechanical design can 
appreciate the extent of possible mechanical design tools and 
applications used in design process 910 without deviating 
from the scope and spirit of the invention. Design process 910 
may also include modules for performing standard circuit 
design processes such as timing analysis, Verification, design 
rule checking, place and route operations, etc. 

Design process 910 employs and incorporates logic and 
physical design tools such as HDL compilers and simulation 
model build tools to process design structure 920 together 
with some or all of the depicted Supporting data structures 
along with any additional mechanical design or data (if appli 
cable), to generate a second design structure 990. 

Design structure 990 resides on a storage medium or pro 
grammable gate array in a data format used for the exchange 
of data of mechanical devices and structures (e.g. information 
stored in a IGES, DXF Parasolid XT, JT, DRG, or any other 
Suitable format for storing or rendering Such mechanical 
design structures). Similar to design structure 920, design 
structure 990 preferably comprises one or more files, data 
structures, or other computer-encoded data or instructions 
that reside on transmission or data storage media and that 
when processed by an ECAD system generate a logically or 
otherwise functionally equivalent form of one or more of the 
embodiments of the invention shown in FIGS. 1, 4,5a, 5b, 6a 
and 6b. In one embodiment, design structure 990 may com 
prise a compiled, executable HDL simulation model that 
functionally simulates the devices shown in FIGS. 1, 4, 5a, 
5b, 6a and 6b. 

Design structure 990 may also employ a data format used 
for the exchange of layout data of integrated circuits and/or 
symbolic data format (e.g. information stored in a GDSII 
(GDS2), GL1, OASIS, map files, or any other suitable format 
for storing such design data structures). Design structure 990 
may comprise information Such as, for example, symbolic 
data, map files, test data files, design content files, manufac 
turing data, layout parameters, wires, levels of metal, Vias, 
shapes, data for routing through the manufacturing line, and 
any other data required by a manufacturer or other designer/ 
developer to produce a device or structure as described above 
and shown in FIGS. 1, 4,5a, 5b, 6a and 6b. Design structure 
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990 may then proceed to a stage 995 where, for example, 
design structure 990: proceeds to tape-out, is released to 
manufacturing, is released to a mask house, is sent to another 
design house, is sent back to the customer, etc. 
The methods as described above are used in the fabrication 

of integrated circuit chips. The resulting integrated circuit 
chips can be distributed by the fabricator in raw wafer form 
(that is, as a single wafer that has multiple unpackaged chips), 
as a bare die, or in a packaged form. In the latter case the chip 
is mounted in a single chip package (such as a plastic carrier, 
with leads that are affixed to a motherboard or other higher 
level carrier) or in a multichip package (such as a ceramic 
carrier that has either or both surface interconnections or 
buried interconnections). In any case the chip is then inte 
grated with other chips, discrete circuit elements, and/or other 
signal processing devices as part of either (a) an intermediate 
product, Such as a motherboard, or (b) an end product. The 
end product can be any product that includes integrated cir 
cuit chips, ranging from toys and other low-end applications 
to advanced computer products having a display, a keyboard 
or other input device, and a central processor. 
The descriptions of the various embodiments of the present 

invention have been presented for purposes of illustration, but 
are not intended to be exhaustive or limited to the embodi 
ments disclosed. Many modifications and variations will be 
apparent to those of ordinary skill in the art without departing 
from the scope and spirit of the described embodiments. The 
terminology used herein was chosen to best explain the prin 
ciples of the embodiments, the practical application or tech 
nical improvement over technologies found in the market 
place, or to enable others of ordinary skill in the art to 
understand the embodiments disclosed herein. 

What is claimed is: 
1. A notch filter comprising: 
a first signal line comprising a metal trace line connected to 

a metal via stub partially extending into a semiconductor 
Substrate; and 

a ground plane with a ground opening, the ground plane 
being connected to at least one or more additional metal 
via stubs partially extending from the ground plane into 
the semiconductor Substrate. 

2. The notch filter of claim 1, wherein the metal trace line 
is provided on a different level than the ground plane. 

3. The notch filter of claim 1, wherein the metal trace line 
is provided above the ground plane, with a dielectric layer 
therebetween. 

4. The notch filter of claim 1, wherein the metal via stub 
goes through the ground opening to connect to the metal trace 
line. 

5. The notch filter of claim 4, wherein the metal via stub 
includes a metal via stub extension, the metal via stub exten 
sion electrically connects directly to the metal via stub and the 
metal trace line. 

6. The notch filter of claim 1, wherein the metal via stub and 
the at least one or more additional metal via stubs are open 
ended at one side and embedded within the semiconductor 
Substrate; and the metal via stub and the at least one or more 
additional metal via stubs are not coupled to the ground plane. 

7. The notch filter of claim 1, wherein the metal trace line 
connects to a second signal line of a microStrip line, at a 
different level than the ground plane. 

8. The notch filter of claim 7, wherein the second signal line 
is above the ground plane and at a same level as the metal trace 
line. 

9. The notch filter of claim 1, wherein the metal trace line 
extends above the ground opening in the ground plane. 
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10. The notch filter of claim9, wherein the ground opening 
is surrounding the metal via stub. 

11. The notch filter of claim 1, wherein the metal via stub 
is provided in a different orientation than the at least one or 
more additional metal via stubs partially extending from the 
ground plane into the semiconductor substrate. 

12. A method in a computer-aided design system for gen 
erating a functional design model of a notch filter, the method 
comprising: 

generating a functional representation of a transmission 
line comprising a first signal trace line connected to a via 
stub partially extending into a substrate and the via stub 
is open ended; and 

generating a functional representation of a ground plane 
connected to at least one or more additional via stubs 
partially extending from the ground plane into the semi 
conductor substrate and the at least one or more addi 
tional via stubs are open ended, wherein the ground 
plane is provided on a different level than the first signal 
trace line. 

13. The method of claim 12, further comprising generating 
a functional representation of the first signal trace line to be 
provided above the ground plane, with a dielectric there 
between. 

14. The method of claim 12, further comprising: 
generating a functional representation of the ground plane 

to include an opening; and 
generating a functional representation of the first signal 

trace line to include the metal via stub going through the 
ground opening to connect to the first signal trace line. 

15. The method of claim 14, further comprising generating 
a functional representation of the via stub to include a via stub 
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extension, the via stub extension electrically connects 
directly to the via stub and the first signal trace line. 

16. The method of claim 12, further comprising generating 
a functional representation of the first signal trace line con 
necting to a second signal line of a microstrip line, at a 
different level than the ground plane. 

17. The method of claim 16, wherein the second signal line 
is above the ground plane and at a same level as the first signal 
trace line. 

18. The method of claim 12, wherein the via stub is pro 
vided in a different orientation than the at least one or more 
additional via stubs partially extending into the semiconduc 
tor substrate. 

19. A method comprising: 
forming a plurality of via stubs partially within a semicon 

ductor substrate and the plurality of via stubs are free at 
one end; 

forming a ground plane in a back end of the line process, 
the ground plane being formed with an opening; and 

forming a signal trace line in electrical contact with a via 
stub of the plurality of via stubs, through the opening of 
the ground plane, the signal trace line being formed on a 
different level of a back end of line process than the 
ground plane. 

20. The method of claim 19, further comprising: 
forming a back end of the line structures after forming the 

plurality of via stubs partially within the semiconductor 
substrate and which are free at one end; and 

the ground plane is formed below the signal trace line, and 
the signal trace line is in electrical contact with the via 
stub through a via stub extension. 
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